Summary.-Female rats were maintained on standard laboratory diet, Miller's diet or Miller's diet containing 3'MeDAB. Animals fed standard or Miller's diet did not excrete a-foetoprotein (AFP) in their urine. Early appearance of AFP was demonstrated by examining the urine of rats on the 3'MeDAB regimen. The incidence of positive urine samples was high between the 5th and 7th week of the experiment. It thereafter declined, but from the 3rd month it steadily rose and reached a maximum of 80% at about 10 months. Though urinary excretion of AFP was irregular in individual animals, several positive urine samples were obtained from all rats followed for more than a few months. The urine of 90% of hepatoma-bearing rats contained AFP at the time of killing. The incidence of elevated serum AFP levels, as determined by immunodiffusion, increased with the duration of the experiment, but was still only 70% in rats fed 3'MeDAB for over 34 weeks. The severity of the hepatic alterations, as well as hepatocytic uptake of [3H]thymidine, increased with time. The serum of animals fed the standard diet was negative, whereas AFP was very infrequently detected in the serum of rats given Miller's hypoprotein diet. The results demonstrate that, in a population exposed to a hepatocarcinogenic agent, the recurring detection of urinary excretion of AFP is a useful indicator of the high risk of developing hepatomas.
Alpha-foetoprotein (AFP) has been detected by Ouchterlony's double immunodiffusion technique in the urine of almost two thirds of hepatoma-bearing rats (Okon et at., 1973; Rosenmann et al., 1974b) , while demonstration of its presence in the serum has been achieved at a higher incidence (Stanislawski-Birencwajg, Uriel and Grabar, 1967; Okon et al., 1973) . Early appearance of AFP in the serum has been noted within 3 to 4 weeks of starting the animals on the carcinogenic regimen Kroes, Williams and Weisburger, 1972; Watabe, 1971) . Recent comprehensive reviews on AFP summarize our knowledge about this carcinofoetal antigen (Lamerz and FatehMoghadam, 1975; Wepsic and Sell, 1974) . The purpose of the present communication is to describe the pattern of urinary excretion of AFP in rats exposed to . The rationale of the study is to establish the feasibility of predicting, by repeated urine examinations, the development of hepatomas in a population at high risk. The demonstration of AFP in the urine of hepatoma patients (Cohen, Starkovs and Olweney, 1975) lends relevance of this investigation to clinical medicine. It should be mentioned, by way of introduction, that female rats of a local strain in which hepatocarcinogenesis is protracted, were used in order to substantiate better the value of urine examinations repeated during a comparatively long period of time.
MATERIALS AND METHODS
Animals.-Female albino rats of the Hebrew University (Sabra) strain, aged 60 days at the beginning of the experiment, were used. In Group I, 56 rats were given Amrod's standard laboratory diet (AmborYissum, Jerusalem), comprising 18-6% protein (Boss, Rosenmann and Zajicek, 1976a) . Group 2 had 84 rats fed Miller's diet (Miller et al., 1948) . Group 3 had 105 animals maintained on Miller's diet to which was added 0.06% of 3'methyl-4-dimethylaminoazobenzene (3'MeDAB).
Production of antisera.-Antisera were raised in rabbits against rat amniotic fluid (AF) and embryonic serum(ES) as described previously in detail (Okon et al., 1973) . Following absorptions with lyophilized blood and an organ pool of healthy adult rats, the antisera to AF and ES were found to contain one and two precipitating antibodies, which 'were specific for AFP and for AFP plus alphamacrofoetoprotein (AMFP) respectively (Boss, Dishon and Rosenmann, 1975) .
Collection and testing of urine and serum samples-.The rats were put in metabolism cages over urine-faeces separators and 24 h urine samples were collected from individual animals at 2-to 4-week intervals. The samples were concentrated to 5-10 mg of non-dialyzable material per ml and reacted against the antisera to AF and ES by Ouchterlony's double immunodiffusion technique (Okon et al., 1973) . Two to 5 rats of each of the 3 groups were killed at about 3-week intervals and blood was obtained by exsanguination. The sera were reacted against both antisera. A specimen giving one precipitin line with anti-AF antiserum and two bands with anti-ES antiserum was considered to contain AFP as well as AMFP. When a single band developed with anti-ES antiserum and no reaction occurred with anti-AF antiserum, the sample was scored positive for AMFP only. Urine containing AFP produced a single line when tested with either antiserum, since the high molecular weight AMFP does not pass the normal glomerular filter (Rosenmann et al., 1974b between the 70th and 110th day. The difference between the prevalence of early excretion of AFP and the smaller number of positive samples obtained during the third and fourth month is statistically significant (P < 0.002). By the 5th month of the experiment, a steady increase in positive urine specimens was noticed, as seen by the linear regression in Fig. 1 . The results of the tests recorded between the 110th and 390th day were approximated by a straight line. The correlation coefficient (r) between these results and the age of the rats at testing is 0-86, indicating that the increase in positive urine samples with time is highly significant. AFP was detected in about 7500 of urine specimens obtained from animals fed 3'MeDAB for 42 or more weeks. As expected, AMFP could not be demonstrated in the urine, functional impairment of the glomerular filter not being evident in hepatoma-bearing rats.
The results of the examination of the sera for the presence of AFP and AMFP are summarized in the Table. The animals were divided into 4 groups according to the age at death, and the results are expressed as the percentage of positive sera obtained at 100-dav intervals. Sera of rats fed the standard laboratory chow were devoid of AFP: AMFP was detected in 23-50% of the specimens. Five of the 84 sera obtained from rats given Miller's diet contained AFP, while AMFP was found in 27-71 % of the samples. The difference between the incidence of AMFP in the sera of rats fed Miller's diet and that in the animals maintained on the regular chow was statistically significant in the 301-400 days group (t -2-34, P < 0.02). The presence of AMFP in many sera of the control rats was related to diverse intercurrent diseases, prime among which was interstitial pneumonia, AMFP being identical with acute phase protein nucleolus (Fig. 3) . Cirrhotic livers were generally the site of areas of atypical parenchyma and atypical regenerative nodules. Such nodules were well circumscribed, compressing the adjacent parenchyma, and their cells exhibited marked pathology and often a clear cytoplasm.
The increase in the HI with the duration of the experiment is graphically represented ini Fig. 4 . The HI increased from 3.5 in rats kept on the hepatocarcinogenic diet for less than 40 days (i.e., 61-100 days old) to 13 in animals killed at the age of 301-400 days. The differences between the mean HIIs of rats killed at the 4 time intervals were statistically significant (101-200/60-100, P < 002; 201-300/101-200, P < 0-001; and 301-400/201-300 P < 0-02). The mean HI of rats whose serum contained AFP was 13 2 + 0-5, and that of animals in whose serum AFP could not be detected was 6-6 ± 0-5. The difference between the HIs of the AFP-positive and the AEPnegative cases was statistically significant (t = 9-6, P < 0001).
Hepatomas developed in 11 of the 74 rats fed 3MeDAB for 140 days or longer. The tumours were either of the hepatocellular or mixed hepatocellular and tabular variety (Fig. 5) . The mean age of hepatoma-bearing rats was 277 + 12 days and the average HI was 14-9 ± 0-7. The serum of 10 of the 11 animals contained AFP, and 8 urine samples were positive on the day before they were killed. (Okon et al., 1973) . Moreover, it is feasible that the renal tubular apparatus concentrates AFP relative to other lowmolecular-weight plasma proteins passing the glomerular filter. It is of interest that, in rats which had been on the oncogenic regimen for over 7 months, the prevalence of positive urine and serum tests was similar.
It is possibly of diagnostic as well as prognostic significance that positive urine specimens were found at a relatively high incidence (35%) in rats fed 3'MeDAB for 4-6 weeks. In fact, a positive urine was discovered in a rat exposed to the carcinogenic agent for only 25 days. Excretion of AFP was detected at a lower incidence (20%) between the 10th and 14th week.
Thereafter, the prevalence of AFPcontaining urine specimens rose steadily, approximating 750o after 9 months. AFP was detected in the serum of 10 of the 11 hepatoma-bearing rats, several urine specimens of which were positive some time prior to killing.
The early appearance of AFP in the serum of rats fed one or other hepatocarcinogen was previously reported Kroes, Williams and Weisburger, 1972; Kroes, Williams and Weisburger, 1973; Watabe, 1971) . According to Watabe (1971) , 75%o of the sera of rats fed 4-DAB for 6 weeks contained AFP. The serum concentration of AFP subsequently decreased and a latestage appearance occurred after 13 weeks. Watabe's observations are confirmed by the present investigation, in which enhanced production of AFP was, however, assessed by urine examinations. The decline in the incidence of positively reacting specimens, whether serum or urine, following an initial high peak, is poorly understood. We could find no unequivocal evidence to suggest that, though AFP is synthesized in increased amounts, being complexed with circulating antibodies, it cannot be detected in the body fluids. We are inclined to agree with Watabe (1971) that the early appearance of AFP may reflect hepatocellular proliferation consequent upon acute liver injury caused by the toxic effect of 3'MeDAB. That production of AFP is indeed coupled to cell division in the regenerating liver is supported by the association of elevated serum AFP levels with increased TdR uptake in the livers of rats dosed with different hepatotoxic agents (Boss and Rosenmann, 1976) . In these experiments, AFP was detected in the sera of rats killed 2-3 days after a single injection of thioacetamide, carbon tetrachloride, beryllium sulphate or cadmiun chloride. It should be mentioned in this context that the incidence of AFP-containing urine samples slightly lower during hepatocarcinogenesis than during the development of cirrhosis induced by chronic exposure to carbon tetrachloride, the latter being cirrhotogenic but not carcinogenic in the female Sabra rat (Boss, unpub.) .
The hepatic changes progress with the duration of exposure to 3'MeDAB in accordance with a consistent pattern, though individual variations in their severity are conspicuous. An attempt has been made in the present investigation, to assess the progression by semiquantitatively evaluating the extent and intensity of 6 well-established parameters. The uptake of [3H]TdR has been concomitantly determined by counting the number of labelled hepatocytic nuclei in 50 HPF. There is a good correlation between the progression of the hepatic disorder and increased TdR uptake on the one hand, and the rising incidence of AFPcontaining serum and urine specimens on the other. These observations are in agreement with the reports of other investigators (Dolezalova et al., 1974; Watabe, 1971 (Okita, et al., 1974) .
It is unexpected, at first sight, that AFP was detected by the immunodiffusion technique, in 5/84 rats fed Miller's diet. Similar observations have been reported by DeNechaud and Uriel (1973) and ascribed to the development of liver damage in animals maintained for long periods of time on Miller's low protein diet. The appearance of AFP appears to correspond to the slightly but significantly greater uptake of TdR by the livers of animals given Miller's diet than by livers of rats kept on the standard chow. Liver injury accompanied by enhanced AFP production is known to occur in deficiencies other than those due to a hypoprotein diet, having been described in monkeys maintained on a pyridoxine-deficient diet (Foy et al., 1970) and rats on a cholinedeficient diet (Boss, Rosenmann and Zajicek, 1976a) .
The results presented herein further contribute to our efforts to establish the value of the urine examination for the presence of non-plasma proteins . The determination of urinary excretion of specific antigens, be they hepatic, renal or tumoral, serves to draw attention to the underlying pathological process. In rats fed 3'MeDAB, examin-ation of urine at frequent intervals has uncovered a characteristic pattern of AFP excretion. In contrast to the transient appearance of AFP in the urine of rats with toxic liver damage induced, for example, by thioacetamide or carbon tetrachloride (Boss, Rosenmann and Zajicek, 1976b) , the excretion of AFP persist8 in animals exposed to a hepatocarcinogenic regimen. Many urine samples were devoid of detectable AFP, possibly because of the low sensitivity of the immunodiffusion technique, low serum AFP at the time of urine collection and/or fluctuations of AFP synthesis. Be that as it may, the findings indicate that examination of the urine may complement that of the serum. This could be of special importance in populations at high risk, in which frequent sampling is desirable.
